Background: Acrylamide is a potent toxin and carcinogen, its hazards result from its increased accumulation in the process of cooking food materials.
Introduction
ACRYLAMIDE, one of the major environmental public health problems, found in carbohydrate-Correspondence to: Dr. Mogeda Mahdy Nasralla, E-Mail: mogedam@yahoo.com rich food prepared at high temperatures which are widely consumed by humans. Consumption of these foods may result in significant human exposure to acrylamide [1] . Acrylamide is a low molecular weight, water soluble vinyl monomer; these properties facilitate its rapid absorption and distribution through body [2] .
Acrylamide has been extensively investigated and has a large database of very complex toxicity. The results of the studies indicate that acrylamide is carcinogenic in rodents and produces toxic effects on the different body organs, e.g. kidney, spleen and liver [3, 4] .
El-Sayyad et al., [5] reported that sections of the skeletal muscles of tongue of rats treated with acrylamide showed vacuolated spaces and many of spotty necrotic zones. Partial hyaline necrosis was detected in the majorities of the skeletal muscle fibers. Focal necrotic zones with dispersed nuclei were detected. Loosely separated skeletal muscle fibers associated with lacking of their regular arrangement and densely collected inflammatory cells in between were observed. The administration of acrylamide was associated with a dose related increase in squamous cell papilloma of the tongue and combined squamous cell papilloma and carcinoma of the tongue in rats [6] .
Exposure to acrylamide resulted in reduction of lingual keratinization, atrophy of different tongue papillae and degeneration of the apical taste buds of fungiform papillae and abundant leucocytic infilterations appeared in the lamina propria of the tongue of experimental rats [7] . Longitudinal sections of the skeletal muscles of the tongue of acrylamide treated rats showed disruption of Z line, partial loss of myofilaments, marked aggregation of mitochondria and vacuolated mitochondria also appeared [8] .
Oxidative stress and apoptosis play an important role in acrylamide-induced damage in skeletal muscle fibers of the tongue. Prasad, [9] reported that acrylamide-induced cytotoxicity was relevant to oxidative stress, the cytotoxic properties of acrylamide lead to generation of Reactive Oxygen Species (ROS) causing cytotoxic and genotoxic effects.
Some strategies have been postulated to reduce acrylamide mediated cytotoxicity by using natural antioxidant like Vitamin E. Vitamin E can protect cellular structures against damage from free radicals such as peroxy radical, hydroxyl radical and superoxide. It has protective effect from oxidation products such as Malondialdehyde (MDA) and hydroxynonenal. Vitamin E was utilized to prevent the toxic effects of acrylamide on the testes [10] .
The aim of this study is to investigate the effect of acrylamide on the skeletal muscle fibers of tongue of adult male albino rat and the possible protective role of Vitamin E co-administration, for a short duration (twenty days) and a long duration (forty days) by using light and electron microscopic study.
Material and Methods

Material: Animals:
The research was done in 2017. This study was performed using 60 adult male albino rats weighing 180-220gm. The rats were obtained from Animal House, Faculty of Medicine, Cairo University. The rats were acclimatized in the laboratory for a period of two weeks before carrying out the experiment. They were housed in cages, five rats/cage under standard laboratory and environmental conditions. They were allowed free access to food and distilled water. All the animals were cared for in accordance with the institutional ethical guidelines and protocol was approved by the Kasr Al-Einy Experimental Ethics committee. The rats were randomly divided into six experimental groups; each group consists of ten rats: • Group I: (Normal control): Rats received no medications.
• Group II: (Sham control): Rats received normal saline solution and Vitamin E dissolved in corn oil orally once daily by gavage, with 30 minutes interval between the two doses, for 40 days.
• Group III: Rats received acrylamide orally once daily by gavage for 20 days [11] .
• Group IV: Rats received acrylamide orally once daily by gavage for 40 days [8] .
• Group V: Rats received acrylamide and Vitamin E orally once daily by gavage, with 30 minutes interval between the two doses, for 20 days [11] .
• Group VI: Rats received acrylamide and Vitamin E orally once daily by gavage, with 30 minutes interval between the two doses, for 40 days [8] .
Chemicals:
Acrylamide (99.9 purity), obtained from sigma chemical Co. Each 20mg of acrylamide was dissolved in 5ml saline solution and given orally by gastric gavage in a daily dose of 20mg/kg body weight). Each rat was given the calculated dose-Vitamin E, (Capsules 400mg/capsule) obtained from sigma chemical Co. Each Vitamin E capsule 400mg was dissolved in 20ml of corn oil and given orally by gastric gavage in a daily dose of 100mg/kg body weight [12] . Each rat was given the calculated dose.
Rats from Groups (I and II) were divided into two subgroups (5 rats in each subgroup), 5 rats were sacrificed after 20 days and 5 rats were sacrificed after 40 days, rats from Groups (III and V) were sacrificed after 20 days, rats from Groups (IV and VI) were sacrificed after 40 days.
At the end of the experiment, the tongue was dissected, all samples were collected for light and electron microscopic studies.
Methods: Light microscopic study:
For histological examination, coronal sections of the tongue will be stained with hematoxylin and eosin (H & E), Masson's trichrome and P.A.S. stains.
Histomorphometric study: -Percentage of collagen fibers in Masson's trichrome stained sections.
-PAS optical density in PAS stained sections.
Electron microscopic study:
The ultrastructural study of tongue samples will be carried out with transmission electron microscope.
Statistical analysis:
Data was expressed as mean value ±SD. Comparisons between two related groups were carried out by paired t-test while comparisons between more than two groups were carried out by ANOVA test (analysis of variance) followed by Tukey's test.
Statistical analysis was done for:
A-The percentage of collagen fibers in all groups. B-The mean PAS optical density in all groups.
Results
Light microscopic results: Groups I & II (normal and sham control groups):
The light microscopic results of the normal and sham control groups were similar.
The histological sections of the rat tongue of the normal and sham control groups stained with haematoxylin and eosin showed bundles of skeletal muscle fibers running in different directions, the skeletal muscle fibers running longitudinally arranged in bundles or fascicles of muscle fibers separated by perimysial connective tissue, the muscle fibers appeared parallel, long, cylindrical and non-branching with acidophilic crossly striated sarcoplasm. The nuclei were multiple, elongated and peripheral in position under the sarcolemma. The fibers were connected together by connective tissue endomysium Fig. (1A) .
The skeletal muscle fibers running transversely appeared polygonal with acidophilic myofibrils and peripherally located nuclei. The endomysial connective tissue among the muscle fibers showed some blood vessels Fig. (1A) .
Sections stained with Masson's trichrome visualized a normal pattern of collagen deposition around skeletal muscle fibers Fig. (1B) .
Sections stained with PAS, the skeletal muscle fibers were shown to have a strong positive PAS reaction in the form of small red granules filling their sarcoplasm denoting considerable amounts of glycogen Fig. (1C) .
Group III (animals receiving acrylamide for short duration):
In the histological sections of the rat tongue of Group III (after 20 days of acrylamide administration), the skeletal muscle fibers showed abnormal wavy course of the muscle fibers with splitting of the myofibers and fragmentation of the sarcoplasm Fig. (3A) . In specimens stained with PAS, the skeletal muscle fibers showed faint PAS reaction indicating reduced glycogen content Fig. (3B) .
Group IV (animals receiving acrylamide for long duration):
In the histological sections of the rat tongue of Group IV (after 40 days of acrylamide administration), the splitting and fragmentation of the myofibers were markedly increased. Dense pyknotic nuclei and remnants of nuclei were also detected 
Group V (animals receiving acrylamide and Vitamin E for short duration):
The histological sections of the rat tongue of Group V (after 20 days of acrylamide and Vitamin E administration), showed mild focal histological changes. Few fibers still have wavy course with mild splitting and fragmentation Fig. (5A) . In Masson's trichrome stained sections, there was mild increase in the collagen fibers deposition around the skeletal muscle fibers Fig 
Group VI (animals receiving acrylamide and Vitamin E for long duration):
The histological sections of the rat tongue of Group VI (after 40 days of acrylamide and Vitamin E administration), showed moderate focal histological changes. Some fibers still have wavy course with moderate splitting and fragmentation Using the electron microscope, the sarcoplasm appeared filled with myofibrils arranged parallel to the long axis of the myofiber. The myofibrils showed regular arrangement of alternating light (I) and dark (A) bands. Z line was seen bisecting the light band. Sarcomeres were seen between two successive Z lines Fig. ((7A) .
Group III (animals receiving acrylamide for short duration): Using the electron microscope, micrographs of skeletal muscle fibers of Group III showed aggregation of mitochondria of different size and shape in the subsarcolemmal and intermyofibrillar spaces. Degeneration of parts of myofibrils and disruption of Z lines were observed. Fusion of some mitochondria to form giant and vacuolated mitochondria appeared Fig. (7B) .
Group IV (animals receiving acrylamide for long duration): Using the electron microscope, micrographs of skeletal muscle fibers of Group IV, areas of marked myofibrillar degeneration with loss of sarcomere pattern and disruption of Z lines were observed. Marked aggregations of giant and vacuolated mitochondria in the subsarcolemmal and interm-yofibrillar spaces were detected Fig.  (7C) .
Group V (animals receiving acrylamide and Vitamin E for short duration): Using the electron microscope, micrographs of skeletal muscle fibers of Group V showed mild degeneration of myofibrils, nearly normal patterns of sarcomeres with parallel arrangement, light and dark bands and Z lines were preserved Fig. (8A) .
Using the electron microscope, micrographs of skeletal muscle fibers of Group VI showed areas of moderate myofibrillar degeneration and disruption of Z lines. Moderate aggregations of giant and vacuolated mitochondria in the subsarcolemmal and intermyofibrillar spaces were detected Fig. (8B) . 
Histomorphometric and statistical results:
A-Statistical analysis of the mean area percent of collagen fibers (Table 1) and Histogram (1): Statistical analysis of data showed that there was no statistical significant difference in the mean percent area of collagen fibers between the normal Group I and sham control Group II. The mean area percent of collagen fibers in Group III was highly significant different compared to the control group and in Group IV the difference was highly significant increased when compared to the control group. In Group V, the mean area percent of collagen fibers was non significant compared to control group but was highly significant different compared with Group III and Group IV. In Group VI the difference was non significant compared to control group but was highly significant different compared with Group IV. The F-ratio high numerical value (11.986) indicates a high overall significance among the different animal groups.
B-Statistical analysis of the mean PAS optical density (Table 2) and Histogram (2):
Statistical evaluation of the mean values of the PAS optical density in the different experimental groups showed no statistically significant difference between the normal control Group I and sham control Group II. On the other hand, the mean glycogen content in Group III showed highly significant different compared to the control group and in Group IV the difference was highly significant decreased when compared to the control group. In Group V, the mean glycogen content was non significant compared to control group but was significant different compared with Group III and was highly significant different compared with Group IV. In Group VI the difference was non significant compared to control group and was significant different compared with Group IV. The F-ratio high numerical value (12.426) indicates a high overall significance among the different animal groups. 
Discussion
In the present study, light microscopic examination of Group III, in which rats received acrylamide for 20 days, showed histopathological changes as abnormal wavy course of the skeletal muscle fibers with splitting of the myofibers and fragmentation of the sarcoplasm. These findings are in agreement with the results of Cullen et al., (2001) [13] that explained the splitting of muscle fibers as an adaptive response, which occurs when the fiber reaches a critical size at which supply of oxygen and exchange of metabolites are no longer efficient.
In the current study, vascular congestion and fibrosis, in between the skeletal muscle fibers, and mononuclear cellular infiltration also appeared. These changes were also observed by Rasha and Fatma (2015) [8] and Oishi et al., (2006) [14] in their study of the toxic effects of acrylamide, they noticed that in association with increased oxidative damage of the skeletal muscle fibers vascular congestion, and perimuscular and perivascular fibrosis were detected that coincides with the results of our study. Also, Maronpot et al., (2015) [15] noticed in their study muscle fiber degeneration accompanied by inflammatory cell responses including mononuclear cellular infilteration and fibrosis.
Stevens and Lowe (2000) [16] explained that mononuclear cellular infiltration and fibrosis could be due to the release of certain mediators during degeneration of myocytes which initiate inflammatory reaction and attract inflammatory cells. This explanation was confirmed also by Nie and Hou (2012) and agreed with the findings of our study.
In our study, dense pyknotic nuclei and remnants of nuclei were observed. This agrees with the results of Prasad (2012) [9] , which stated that exposure to acrylamide induces cytotoxic and genotoxic effects and promotes apoptosis. Weiss et al., (2013) [17] also noticed these changes and mentioned that they were associated with increased oxidative stress.
In Group IV, the previous histopathological changes were exaggerated with prolongation of the duration of exposure, as regard the fragmentation and splitting of the skeletal muscle fibers, in between the skeletal muscle fibers, the mononuclear cellular infiltration and vascular congestion, dilatation and fibrosis. This was confirmed previously by Shinomol et al., (2013) [13] and Rasha and Fatma (2015) [8] , as they stated that the toxic effects of acrylamide is a dose dependent which increased by increasing the dose or the duration.
In our study, electron microscopic examination of skeletal muscle fibers of Group III showed degenerated parts of myofibrils, these results agrees with El-Sayyad et al., (2011) [5] and Shipp et al., (2006) [18] , that reported that sections of the skeletal muscles of tongue of rats treated with acrylamide showed focal necrotic zones associated with lacking of their regular arrangement. Fusion of some mitochondria to form giant ones and vacuolation of others, disruption of Z line and partial loss of myofilaments were observed, these results agrees with the findings of Ghanayem et al., (2005) [19] and Lakshmi et al., (2012) [20] . Lakshmi et al., (2012) [20] stated that mitochondrial dysfunction has an important role in acrylamide induced toxicity.
By 40 days of exposure in Group IV, these changes were markedly exaggerated. These results and effect of acrylamide on mitochondria was described previously by El-Sayyad et al., (2011) [5] and Yang et al., (2005 [21] ). It also stated that morphological mitochondrial abnormalities are most frequently associated with defects of the respiratory chain. Subsarcolemmal accumulations of mitochondria and their proliferation were also found and explained by Youssef (2006) [22] as an attempt by the cell to compensate for the respiratory chain defect.
The findings of the current study are mostly related to the oxidative stress effect of acrylamide on the skeletal muscle and it coincides with the study of Hori et al., (2013) [23] who stated that destruction of muscle fibers with oedema and inflammatory cell infiltration are prominent features of oxidative stress effect on skeletal muscle fibers. Their findings were also observed in our study as there were degenerated segments of the muscle fibers and mononuclear cellular infiltration in Group III and increased more in Group IV.
In our results, apoptosis which is presented by appearance of dense pyknotic nuclei and remnants of nuclei could be explained also by the oxidative stress damage effect of acrylamide on skeletal muscle which proved by Sumizawa et al., (2009) [24] and Lakshmi et al., (2012 [20] ). They stated that oxidative stress and apoptosis play an important role in acrylamide induced toxicity.
In the current study, there are statistically significant increase in collagen fibers deposition and decrease in PAS optical density in Group III and IV than the control group and Group IV than Group III. These results coincide with Youssef (2006) [22] , Catalgol et al., (2009) [25] and Huda et al., (2017) [26] who explained that these findings are indicators of oxidative stress in skeletal muscle fibers of acrylamide exposed rats that increased by prolongation of the duration of exposure.
In the present study, Vitamin E was administrated in combination with acrylamide for two different durations. The histological picture was improved in Group V (treated group for 20 days) and Group VI (treated group for 40 days) than the non-treated Groups (III and IV respectively). Histological sections of the skeletal muscle fibers of Vitamin E treated rats of Group V and VI revealed an apparently preserved architecture. This finding comes in accordance with Rasha and Fatma (2015) [8] . Also Nisreen et al., (2017 [27] ) suggested that Vitamin E can eliminate free radical damage that induces apoptosis. Bermudz et al., (2007) [28] added that the antiapoptotic effects of Vitamin E are primarily associated with its antioxidant activity. Vitamin E has also been shown to induce protective effects and prevent apoptosis in many experimental model systems.
In the present study, Vitamin E treated Group V appeared with minimal amount of collagen fibers deposition in Masson trichrome stained sections and a positive reaction was observed in PAS stained sections, these coincides with Hoda et al., (2017), who stated that Vitamin E supplementation with acrylamide significantly protected and prevented oxidative stress induced degenerative changes and promotes regeneration.
In our study, the electron microscopic examination of the skeletal muscle fibers of Group V and Group VI showed nearly preserved normal structure. Most of cell organelles were intact. Mild focal degeneration occasionally found. These findings were confirmed by Rasha and Fatma (2015 [8] ).
In the present work, there are statistically significant decrease in collagen fibers deposition and increase in PAS optical density in Group V and VI than Group III than Group IV respectively. These findings are indicator of oxidative stress in skeletal muscle fibers of acrylamide exposed rats that decreased by Vitamin E co-administration. These results coincide with the findings of Shinomol et al., (2013) [13] and Rasha and Fatma (2015) [8] .
From the present study, it could be concluded that, acrylamide induced skeletal muscle damage in rat tongue which increasing by prolonged duration of exposure. Acrylamide induced oxidative stress is the implicated mechanism of such histological changes. This toxic effect of acrylamide could be decreased by administration of Vitamin E given concomitant with it. This protective role of Vitamin E may be due to its antioxidant effect.
